Effects of Different Combination of Water Quality Parameters on the Survival and Growth of Juvenile Barbonymus schwanenfeldii, Leptobarbus hoevenii and Oreochromis niloticus by Danial Nakhaie, bin Mohd Souhkri
 
 
EFFECTS OF DIFFERENT COMBINATIONS OF WATER QUALITY 
PARAMETERS ON THE SURVIVAL AND GROWTH OF JUVENILE 
BARBONYMUS SCHWANENFELDII, LEPTOBARBUS HOEVENII  















Bachelor of Science with Honours 
(Aquatic Science and Resource Management) 
2015 
Effects of Different Combination of Water Quality Parameters on the Survival and 















This dissertation is submitted in partial fulfilment of the requirement for the degree of 










Aquatic Resource Science and Management 
Department of Aquatic Science 
 
Faculty of Resource Science and Technology 





First and foremost, I would like to congratulate myself for enduring the hardship 
during this research. Second, I would like to express my sincere gratitude to my supervisor, 
Prof Dr Lee Nyanti for the continuous support during my final year project, for his guidance, 
patience, motivation and knowledge. Third, I would like to thank Dr Ling Teck Yee, my co-
supervisor for advice, idea and assistance especially regarding statistical analysis.  
Forth, I am thankful for the support of Faculty of Resource Science and Technology 
and the help provide by the laboratory assistants of the Department of Aquatic Science, FSTS 
especially Mr Mustafa Kamal, Mr Zaidi Ibrahim and Mr Mohd Nor Azlan. The financial 
support provided by Sarawak Energy Berhad through research grant no. 
GL(F07)/SEB/6/2013(32) is gratefully acknowledge. 
I would also like to express my deep appreciation for the endless support from my 
family especially my parents Mohd Souhkri Abdulah and Zaharah Hassan. Special thanks to 
all my friends who always bear with me in any conditions and help me face the hardships. 
To all who helped or involved in this research directly or indirectly, thank you and God bless 










I, Danial Nakhaie bin Mohd Souhkri, final year student of Aquatic Resource Science and 
Management hereby declare that this report is my own work and effort with guidance of my 
supervisor, Prof Dr Lee Nyanti. No part of this report has previously been submitted for any 













(DANIAL NAKHAIE BIN MOHD SOUHKRI)    Dated: 
Aquatic Resource Science and Management 
Faculty of resource science and technology 




TABLE OF CONTENTS 
  Page 
Title & Front Cover  i 
Acknowledgement   iii 
Declaration   iv 
Table of Contents   v 
List of Abbreviations   viii 
List of Tables   ix 
List of Figures   xi 
Abstract / Abstrak  1 
1.0 Introduction   2 
2.0 Literature Review  4 
2.1 Human activities that affect the water quality parameters   4 
2.2 Effects of total suspended solids on fish  5 
2.3 Effects of pH on fish  6 
2.4 Effects of temperature on fish   8 
2.5 Effects of dissolved oxygen on fish   9 
3.0 Materials and Methods   10 
3.1 Tank preparation   10 
3.2 Tank water preparation and volume  11 
3.3 Acclimation of juvenile  11 
3.4 Fish stocking    11 
3.5 Sediment preparation  12 
3.6 Combinations of pH and temperature  14 
3.7 Combinations of total suspended solids and temperature  14 
vi 
 
3.8 Combinations of dissolved oxygen and temperature   15 
3.9 Combinations of total suspended solids and pH  15 
3.10 Water quality monitoring  16 
3.11 Data collection   16 
3.12 Statistical analysis  17 
4.0 Results   18 
4.1 Combinations of pH and temperature 
4.1.1 Physiochemical parameters of water 
4.1.2 Survival rate 
4.1.3 Body weight gain 
4.1.4 Total length gain and standard length gain 
4.1.5 Feed conversion ratio 
4.1.6 Specific growth rate 















4.2 Combinations of total suspended solids and temperature 
4.2.1 Physiochemical parameters of water 
4.2.2 Survival rate 
4.2.3 Body weight gain 
4.2.4 Total length gain and standard length gain 
4.2.5 Feed conversion ratio 
4.2.6 Specific growth rate 















4.3 Combinations of dissolved oxygen and temperature 
4.3.1 Physiochemical parameters of water 







4.3.3 Body weight gain 
4.3.4 Total length gain and standard length gain 
4.3.5 Feed conversion ratio 
4.3.6 Specific growth rate 










4.4 Combinations of total suspended solids and pH 
4.4.1 Physiochemical parameters of water 
4.4.2 Survival rate 
4.4.3 Body weight gain 
4.4.4 Total length gain and standard length gain 
4.4.5 Feed conversion ratio 
4.4.6 Specific growth rate 















5.0 Discussion  
5.1 Combinations of pH and temperature 
5.2 Combinations of total suspended solids and temperature  
5.3 Combinations of  dissolved oxygen and temperature 









6.0 Conclusion   73 








LIST OF ABBREVIATIONS 
 
FCR   : Feed conversation ratio 
°C   : Degree Celsius 
 TSS    : Total suspended solids 
DO   : Dissolved oxygen 
ANOVA  :  Analysis of variance 
pvc   : Polyvinyl chloride 
mg/L   : Milligram per litter 
m   : Meter 
cm    :  Centimetre 
%   :  Percentage 










LIST OF TABLES 
  Page 




Table 2 Mass of silt clay content in the soil sample from pipette method. 
 
13 
Table 3 Mean value of dissolved oxygen, turbidity, ammonia-N, nitrite 




Table 4 Movement (%) between Leptobarbus hoevenii and Oreochromis 




Table 5 Avoidance (%) between Leptobarbus hoevenii and Oreochromis 




Table 6 Feeding impairment (%) between Leptobarbus hoevenii and 




Table 7 Mean value of pH, dissolved oxygen, ammonia-N and at different 
combinations of total suspended solids and temperature. 
 
30 
Table 8 Feeding impairment (%) between Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 35 for different combinations of 





Table 9 Mean value of pH, turbidity, ammonia-N, nitrite and total 




Table 10 Movement (%) between Leptobarbus hoevenii and Oreochromis 




Table 11 Avoidance (%) between Leptobarbus hoevenii and Oreochromis 




Table 12 Feeding impairment (%) between Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
dissolved oxygen and temperature. 
 
52 
Table 13 Mean value of temperature, dissolved oxygen, ammonia-N and 
nitrite at different combinations of total suspended solids and pH. 
 
53 
Table 14 Feeding impairment (%) between Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 21 for different combinations of 











LIST OF FIGURES 
  Page 
Figure 1 
 




Figure 2 Survival (%) of Leptobarbus hoevenii from Day 1 to 35 for 
different combinations of pH and temperature. 
 
20 
Figure 3 Survival (%) of Oreochromis niloticus from Day 1 to 35 for 
different combinations of pH and temperature. 
 
20 
Figure 4 The survival (%) of Leptobarbus hoevenii and Oreochromis 




Figure 5 The body weight gain (g) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
pH and temperature. 
 
22 
Figure 6 The total length gain (mm) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
pH and temperature. 
 
23 
Figure 7 The standard length gain (mm) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
pH and temperature. 
 
24 
Figure 8 The feed conversion ratio of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
pH and temperature. 
 
25 
Figure 9 The specific growth rate (%/day) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
pH and temperature. 
 
26 
Figure 10 Survival (%) of Barbonymus schwanenfeldii from Day 1 to 35 




Figure 11 Survival (%) of Oreochromis niloticus from Day 1 to 35 for 
different combinations total suspended solids and temperature. 
 
32 
Figure 12 The survival (%) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 35 for different combinations of 





Figure 13 The body weight gain (g) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 35 for different combinations of 
total suspended solids and temperature. 
 
34 
Figure 14 The total length gain (mm) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 35 for different combinations of 
total suspended solids and temperature. 
 
35 
Figure 15 The standard length gain (mm) of Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 35 for different combinations 
of total suspended solids and temperature. 
 
36 
Figure 16 The feed conversion ratio of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 35 for different combinations of 
total suspended solids and temperature. 
 
37 
Figure 17 The specific growth rate (%/day) of Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 35 for different combinations 
of total suspended solids and temperature. 
 
38 
Figure 18 Survival (%) of Leptobarbus hoevenii from Day 1 to 35 for 
different combinations of dissolved oxygen and temperature. 
 
43 
Figure 19 Survival (%) of Oreochromis niloticus from Day 1 to 35 for 
different combinations of dissolved oxygen and temperature. 
 
43 
Figure 20 The survival (%) of Leptobarbus hoevenii and Oreochromis 
niloticus at Day 35 for different combinations of dissolved 
oxygen and temperature. 
 
44 
Figure 21 The body weight gain (g) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
dissolved oxygen and temperature. 
 
45 
Figure 22 The total length gain (mm) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
dissolved oxygen and temperature. 
 
46 
Figure 23 The standard length gain (mm) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
dissolved oxygen and temperature. 
 
47 
Figure 24 The feed conversion ratio of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 
dissolved oxygen and temperature. 
 
48 
Figure 25 The specific growth rate (%/day) of Leptobarbus hoevenii and 
Oreochromis niloticus at Day 35 for different combinations of 





Figure 26 Survival (%) of Barbonimus schwanenfeldii from Day 1 to 21 for 
different combinations total suspended solids and temperature. 
 
55 
Figure 27 Survival (%) of Oreochromis niloticus from Day 1 to 21 for 
different combinations total suspended solids and temperature. 
 
55 
Figure 28 The survival (%) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 21 for different combinations of 
total suspended solids and temperature. 
 
56 
Figure 29 The body weight gain (g) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 21 for different combinations of 
total suspended solids and temperature. 
 
57 
Figure 30 The total length gain (mm) of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 21 for different combinations of 
total suspended solids and temperature. 
 
58 
Figure 31 The standard length gain (mm) of Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 21 for different combinations 
of total suspended solids and temperature. 
 
59 
Figure 32 The feed conversion ratio of Barbonymus schwanenfeldii and 
Oreochromis niloticus at Day 21 for different combinations of 
total suspended solids and temperature. 
 
60 
Figure 33 The specific growth rate (%/day) of Barbonymus schwanenfeldii 
and Oreochromis niloticus at Day 21 for different combinations 











Effects of Combination of Different Water Quality Parameters on the Survival and 
Growth of Juvenile Barbonymus schwanenfeldii, Leptobarbus hoevenii and 
Oreochromis niloticus 
 
Danial Nakhaie bin Mohd Souhkri 
Aquatic Resource Science and Management Program 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
 
ABSTRACT 
Change in water quality parameters give impact to the fish in their natural environment. In order to determine 
such effects, survival and growth performance of juveniles Barbonymus schwanenfeldii, Leptobarbus hoevenii 
and Oreochromis niloticus were tested in laboratory with different combinations of water quality parameters. 
The combinations were pH and temperature, total suspended solids and temperature, dissolved oxygen and 
temperature, and total suspended solids and pH. When tested with combination of pH and temperature, it was 
shown that the 100% survival rate was at pH 7.0 temperature 27°C. For combination of total suspended solids 
and temperature, 100% survival was observed at 0 mg/L total suspended solids in both 27°C and 29°C. 
Combination of dissolved oxygen and temperature showed 100% survival at 7.0 mg/L dissolved oxygen in 
both 27°C and 29 °C. The survival and growth was reduced as the dissolved oxygen concentration decreased. 
In all three experiments that involved different temperatures, the same trends were observed but the effect was 
enhanced. When tested with combination of total suspended solids and pH, 0 mg/L total suspended solids pH 
7.0 showed the highest survival rate and growth of juveniles. In the experiment it was shown that increment of 
total suspended solids and decrease in pH, decrease the survival and growth of juveniles. All of the result 
showed that change in one water quality parameter can give negative impact to the juveniles, but combinations 
of different water quality parameters will multiply the effect.  Also, the exotic species show greater hardiness 
compared to native species.  
Key word: survival, growth, exotic species, native species 
 
ABSTRAK 
Perubahan pada kualiti air memberi kesan kepada ikan dalam persekitaran semulajadi mereka. Untuk 
mengenal pasti kesan tersebut terhadap kadar hidup dan tumbesaran, juvana Barbonymus schwanenfeldii, 
Leptobarbus hoevenii dan Oreochromis niloticus telah diuji di dalam makmal dengan kombinasi kualiti air 
yang berbeza. Kombinasi tersebut ialah pH dan suhu,  jumlah pepejal terampai dan suhu, konsentrasi oksigen 
terlarut dan suhu, dan jumlah pepejal terampai dan pH. Apabila diuji dengan kombinasi pH dan suhu, ia 
menunjukkan bahawa kadar hidup 100% adalah pada pH 7.0 suhu 26 °C. Untuk kombinasi jumlah pepejal 
terampai dan suhu, 100% kadar hidup dilihat pada 0 mg/L jumlah pepejal terampai dalam suhu 27 °C dan 29 
°C. Kombinasi oksigen terlarut dan suhu menunjukkan bahawa 100% kadar hidup di 7.0 mg/L dalam kedua-
dua 27 °C dan 29 °C. Kadar hidup dan tumbesaran menurun apabila konsentrasi oksigen terlarut menurun. 
Dalam ketiga-tiga eksperimen yang melibatkan suhu yang berbeza, corak perubahan yang sama diperhatikan 
namun kesannya telah berganda. Apabila diuji dengan kombinasi jumlah pepejal terampai 0 mg/L pada pH 
7.0, ia menunjukkan kadar hidup dan tumbesaran yang paling tinggi. Dalam eksperimen tersebut, ia 
menunjukkan bahawa peningkatan jumlah pepejal terampai dan penurunan pH, mengurangkan kadar hidup 
dan pertumbuhan juvana ikan. Semua hasil dapatan menunjukkan bahawa, perubahan pada kualiti air boleh 
memberi kesan negatif kepada juvana ikan, namun kombinasi kualiti air yang berbeza akan menggandakan 
kesan tersebut. Selain itu, spesies eksotik menunjukkan ketahanan yang lebih tinggi berbanding dengan spesies 
asli. 




1.0  INTRODUCTION 
Development activities in the upland area lead to change in water, sediment and 
nutrient fluxes through river. This give huge impact to the environment in term of flow 
modification, turbidity generation and biological community composition (Bandyopadhyay, 
2008). Physical and chemical water quality parameters affect directly and indirectly on the 
survival rate, growth, reproduction and distribution of fish. All of the effects differ according 
to species and developmental stage of the fish (Ivoke et al., 2007). 
  Human discharge increases the nutrient level and will lead to a phenomena such as 
eutrophication. During eutrophication, the covered water surface will reduce the sunlight to 
be received by aquatic plant and lower the photosynthesis rate. This will reduce the dissolved 
oxygen level. As dead organisms are being decompose by the bacteria, it will release product 
that lower the pH level (Pillay, 2004). Deforestation near the river also reduce the shading 
and thus increase the system temperature. The erosion of unstable river bank and urban 
runoff lead to excessive sediment going into the river. This will increase the total suspended 
solids value thus increase the turbidity level of the system.    
Based on the previous studies done by Nabila (2014) and Kamila (2014) on the 
effects of different water parameters on Barbonymus schwanenfeldii and Oreochromis 
niloticus, both species showed the highest survival rate at TSS value 0 mg/L. For B. 
schwanenfeldii, mortality greatly increased when TSS increased to 10000 mg/L. When tested 
with pH 7, the survival rate was 100% but at pH 3.5, the survival rate decreased greatly for 
both species. The survival rate was nearly 100% when tested at dissolved oxygen level of 
7.0 mg/L but the survival rate was 0% when tested with DO level at 2.0 mg/L.  When the 
temperature used was 24°C, 100% survival was observed, but when the temperature was 




However, in the natural environment usually more than one water quality parameters 
will change at the same time. Therefore, the purpose of the study was to investigate the effect 
of combined water quality parameters on the survival and mortality of juveniles fish. One 
native species (Barbonymus schwanenfeldii or Leptobarbus hoevenii) and one exotic species 
(Oreochromis niloticus) were used to compare the survival and growth rate when exposed 
to different combinations of water quality parameters.  
 
The objectives of this study were: 
i. To determine the growth performance, mortality and feed conversion ratio (FCR) 
of juveniles Barbonymus schwanenfeldii, Leptobarbus hoevenii and 
Oreochromis niloticus at different combinations of water parameters, 
ii. To record the behavioural characteristics (movement, avoidance and feeding 
impairment) of juveniles Barbonymus schwanenfeldii, Leptobarbus hoevenii and 
Oreochromis niloticus at different combinations of water parameters, and 
iii. To record optimum combination of different water parameters for Barbonymus 









2.0 LITERATURE REVIEW 
2.1 Human activities that affect water quality parameters 
Topography, climate, geology, hydrology and vegetation are the factors that control 
the sediment delivery rate in the aquatic ecosystem (Spencer et al., 1996). Altering one of 
these factors may result in the increase or decrease in the sediment delivery rate. Based on 
Berman (1998), land clearing for urban development has played a major role in altering 
upslope and in stream physical and biological processes. The alteration of upslope 
hydrological and erosional processes with change in stream hydrological, erosion and 
depositional processes may reduce the channel depth and increase sediment load. The most 
widespread impacts of sedimentation are associated with the fine sediment eroded from 
agricultural land (Walling, 1990). Typically, the deleterious impact of fines associated with 
forestry activities are less than those in agricultural areas. However, when poorly managed 
on steep slopes, forestry operations potentially mobilize large volumes of sediment from 
freshly exposed soil, landslides, surface scour from roads, and sediment stored in the bed 
and banks of the river (Murphy and Milner, 1996). The major problem in increasing total 
suspended solids in the stream is the increase in turbidity and siltation of stream bed (Rowe 
et al., 2003). Increase in sediment deposition also gives negative effect to the area of a river 
that is used for spawning as the spawning habitat is destroyed. This will lead to a decrease 
in the number of fry and juveniles of the species. According to Cedarholm et al. (1882), the 
loaded sediment may harm the incubating fish egg and fry with an increase in total suspended 
solids concentration and turbidity. The increase in turbidity reduces the amount of sunlight 
penetration entering the water which then alters the photosynthesis rate. Based on Loyd et 
al. (1987), when turbidity increases the algal growth will decrease, and low algal 
productivity can reduce the productivity of aquatic life which are the main food sources of 
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many fishes and also lead to decrease in dissolved oxygen concentration available in the 
water for plant and animals.  
There are many factors that cause changes in temperature including the removal of 
stream bank vegetation that provides shade, construction of dams and other impoundments 
and discharge of heated water from the industry. According to Beschta et al. (1987), removal 
of the tree canopy has a dramatic effect on increasing water temperature as much as 10 °C. 
Water temperature can induce fish mortality, influence level of dissolved oxygen and 
nutrients as well as affect the growth and behaviour of fish. High temperature of water also 
contributes to the growth of bacterial species that can affect fish population. Temperature 
fluctuation also can alter the early developmental stage of fish, mainly egg and juvenile 
which will inhibit growth, reduce survival and affect the timing of life history events 
(Beschta et al., 1987). Therefore, an alteration in temperature regime also can alter a species’ 
dominance due to the change in habitat. The activity at the watershed usually leads to 
lowering of the pH value of a stream. These include human activities such as accidental 
spills, agricultural runoff and sewer overflow. According to Earle and Callagan (1998), 
lower abundance and biodiversity of fish are found in acidic waters compared to neutral pH 
waters. This is because as the rise in pH levels in waters with acid mine drainage, iron, 
aluminium and others metals precipitation can coat substrate and suffocate fish. Hildrew et 
al. (1984) found that in less acidic water, diversity and species richness is increased, 
indicating that a greater range of food resources is available. 
2.2 Effects of total suspended solids on fish 
Suspended sediments increase turbidity, directly affecting fish by reducing visibility 
of pelagic food and clogging gills with associated acute and chronic impacts such as 
immediate physiological stress, reduced growth rates and reproductive fitness. According to 
Redding et al. (1987), the fish mortality can be caused by several factors such as clogging at 
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the gill structure causing fish stress. This will supress their immune system which can lead 
to disease attack and osmoregulation problem in the fish.  According to Servizi and Martens 
(1992), the presence of suspended sediments in the water column has been shown to produce 
gill trauma in sockeye under yearlings, gill flaring in response to short term sediment pulses, 
and increased coughing frequency. Fish gills are delicate and easily damaged by abrasive 
silt particles. As sediment begins to accumulate in the filaments, fish excessively open and 
close their gills to expunge the silt. If irritation continues, mucus is produced to protect the 
gill surface, which may impede the circulation of water over gills and interfere with fish 
respiration (Berg 1982). Herring, for example, display avoidance behaviour when 
encountering sediment plumes of equally-sized particles of clay or lime at concentrations of 
between 2 mg/L and 8-9 mg/L, respectively when the background concentration was less 
than 0.4 mg/L (FeBEC, 2013) Benthic and estuarine fish species can tolerate a higher level 
of total suspended solids value. For example, Pleuronectes platessa survived in TSS 
concentrations of 3000 mg/L (Keller et al., 2006). If sediment particles are caught in or on 
gills, gas exchange with the water is reduced leading to oxygen deprivation (Clarke and 
Wilber, 2000). Juvenile snapper, Pagrus auratus show a positive relationship between 
increased suspended sediment loads and epithelial fusion of lamellae which causes coughing 
and gulping in turbid conditions (Lowe, 2013). Study on rainbow trout show that exposure 
to suspended solids for eight days resulted in decrease of specific growth rate (Michael, 
2013). According to Bash et al. (2001) the growth rate is affected by increment of energy 
demand. Shaw and Richardson (2001) also reported that reduced feed intake in turbid water 
will affect the reduction of growth performance. 
2.3 Effects of pH on fish 
Good fish production is the result of many important factors including pH (Lopes 
and Silva, 2001). At acidic pH, death can occur due to respiratory or osmoregulatory failure 
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as acid water increases the permeability of fish gills to water thus affecting gill function. 
According to Boyd (2012), pH 9.0-6.5 is the optimum value for many fishes. pH value 
greater than 9 or less than 6.5 will reduce the performance of fish gills. Different species 
have different pH tolerance. However, the generally accepted pH range for fish culture is 
6.5-9.0 (Zweig et al., 1999). According to De Silva and Anderson (1995), fishes have a 
narrow tolerance to pH so many studies have been focusing on the pH limits at which fish 
grow and reproduce rapidly. But if the system pH is more acidic than 6.5 and more alkaline 
than 9.0 for long periods, reproduction of the fish will diminish. The study of Cyprinus 
carpio L. by Heydarnejad (2012) in different pH for 21 days at 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 
and 9.0 resulted in greater weight, length, survival, and biomass were found for pH values 
of 7.5 and 8.0. Cyprinus carpio L. that were exposed to pH 9.0 did not survive and died at 
day 14 of the experiment. The results of this study showed that common carp grow and 
survive best when exposed to a water pH of 7.5-8.0. Therefore, it was concluded that water 
of pH 7-8 could be more suitable for freshwater fish culture for optimum growth, 
performance and survival rate. A study on juvenile of Seriola lalandi in different pH at 6.58, 
7.16 and 7.85 showed that the survival rate was higher at pH 7.16 and 7.85 where both 
experienced 100% survival (Abbink et al., 2011). The growth of fish at pH 6.58 was slower 
compared to both pH values. A study done by El-Sherif and El-Feky (2009a) showed that 
the growth of Nile tilapia (Oreochromis niloticus) fingerling performance decreased at pH 6 
and 9, while the difference between pH 7 and 8 were not significant. They also reported that 
feed conversation ratio increases at pH 6 and 9. This concludes that water at pH 7-8 could 
be more suitable to tilapia culture for optimum growth performance and survival rate. 





2.4 Effects of temperature on fish 
Body temperature, growth rate, food consumption, feed conversion and other body 
functions of fish are greatly influenced by the temperature of the surrounding water (Britz et 
al., 1997). Although the change in temperature will not cause any significant rate in fish 
survival, mortality can occur at extreme temperatures when combined with other stressors 
(Beitinger et al., 2000). According to National Research Council (1983), the optimum range 
of growing temperature for freshwater fish is 25-30 ℃ at which they grow quickly. But, 
these may vary with growth stage, size and species of the fish, as many of the juvenile fish 
prefer warmer temperatures than adult fish (Pedersen and Jobling, 1989). Based on Frid and 
Dobson (2002), an increase in temperature increases the metabolic rate of fish thus the fish 
need to consume more food. The problem is it may exceed the fish ability to secure sufficient 
food for its growth. Also, increase in temperature decrease the dissolved oxygen level in the 
water. In addition, based on Hoff’s Law, for every increase of 10 °C the chemical effect was 
doubled (Boyd, 2012). The previous study showed that the growth of juvenile Oreochromis 
niloticus was higher at 24 °C compared to 30 °C, but the result contradicted the study of 
juvenile Oreochromis niloticus by Workagegn (2012) in different temperatures at 24, 26, 28, 
30, 32 and 34 ℃ which revealed that growth performance, feed utilization efficiency and 
survival rate is highest at 32 ℃ while the lowest growth performance, feed utilization 
efficiency and survival rate is at 24 ℃. The test sample with temperature at 34 °C showed 
reddish colour around the fins and the operculum while the other fish at different 
temperatures did not. According to Christensen (1992), the standard temperature for 
Barbonymus schwanenfeldii is 20.4 to 33.7 °C while for Oreochromis niloticus is 25 to 30 




2.5 Effects of dissolved oxygen on fish 
Dissolved oxygen is always the main factor to sustain a healthy environment for fish. 
When one system has a problem with the dissolved oxygen, the first indicators that will be 
shown are the fish become lethargic and stop feeding. This is because as the oxygen level 
decreases, the fish do not have the energy to swim and to feed (Mallay, 2007). The 
recommended minimum dissolved oxygen required for cold water fish is 6.0 mg/L, for 
tropical freshwater fish is 5.0 mg/L and 5.0 mg/L for tropical marine fish. This minimum 
requirement is for healthy growth, tissue repair and reproduction. Most fish cannot survive 
at dissolved oxygen concentration below 3.0 mg/L (Svobodova et al., 1993). Svobodova et 
al. (1993) also stated that the fish will show unusual signs when the dissolved oxygen 
concentration falls to 1.5 or 2.0 mg/L which indicates dissolved oxygen problems in water. 
If the dissolved oxygen concentration in the system drops for a long time, the fish will 
become stressed and this may lead to mortality (Mallay, 2007). Based on Murphy (2007), 
the ideal dissolved oxygen for many fish is between 7.0 and 9.0 mg/L while the optimum 
dissolved oxygen for adult trout is 9.0 to 12.0 mg/L. When the oxygen concentration is 
maintained at optimum concentration for all culture period, the growth rate will increase, 
food conversation ratio will decrease and overall fish production will increase. However, the 
opposite result was shown when the dissolved oxygen level is reduced, where feeding 
activity and respiration decreased. Fish are also not able to assimilate the food consumed 
when dissolved oxygen is low, so as the dissolved oxygen is reduced, the growth rate also 






3.0 MATERIALS AND METHODS 
3.1 Tank preparation 
Eight fiberglass rectangular tanks of equal dimensions were used in this study. The 
dimension of each tank is 2.10 m long x 1.30 m wide x 0.61 m deep. Thus, the volume of 
the tank was 1.34 m3 (Figure 1). In each tank, three rows of smaller compartments were 
placed perpendicular to the length of the tank. They were placed at equal distance from the 
edge of the tank and among each row. Each row was subdivided into three equal 
compartments made from pvc (the frame) and net with length of 0.40 m, width of 0.40 m x 
depth of 0.60 m. Therefore, the volume of each compartment was 0.09 m3.  
 




3.2 Tank water preparation and volume 
Every tank was filled with tap water to a depth of 0.42 m. The dimension filled with 
water was 2.10 m long x 1.30 m wide x 0.42 m depth. Thus, the water volume was 1.15 m3 
or equivalent to 1150 liter. The water was aerated and left for a period of 7 days before the 
experiment began.  
3.3 Acclimation of juvenile 
Juveniles of Barbonymus schwanenfeldii were obtained from the Inland Fishery 
Branch of the Department of Agriculture, Tarat, Serian and juveniles of Oreochromis 
niloticus and Leptobarbus hoevenii were obtained from PM Aquaculture Sdn. Bhd., 7th mile, 
Kota Sentosa, Sarawak. Before placing these juvenile into the tank in the laboratory, 25 % 
of water volume from the tank was added to the plastic bag holding the juveniles and was 
left for 30 minutes. The fish were stocked into acclimatization aquaria a week before 
experiment start until the fish became active and no mortality occurs due to stress during 
transportation and handling. 
3.4 Fish Stocking  
Twenty juveniles of each species of Barbonymus schwanenfeldii, Oreochromis 
niloticus and Leptobarbus hoevenii were weighted using weighing balance (AND, GH-252) 
while the standard length and the total length were measured using digital calliper (Mitutoyo, 
D15TN) to obtain the initial average mean weight and average mean standard length and 
total length of the fish. The fish were fed twice daily at 5% body weight (Iyaji, 2008; 
Shamsudin, 1988) with 40% protein of floating pelleted fish feed throughout the 
experimental period and the weight of feed given was recorded daily. Aeration was 
facilitated using air stone that was connected to air pump. For each tested parameter, 20 
